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EFFECT . OF yjSCOSITY. IIT- SPEED- MEASUREMENTS WITH 
• : .' : 'D : 0tJ3LS-THHOAT VENTURI TUBES* 

.... By H. Peter's. . , 

.... . . - • I • ' - ! 7. C- T 

■;«3?he' present* Experiments are an extension of the in- 
vestigations' -whicli were published in 1929.** That publi- 
cation, however, did not embrace the question of viscosity 
effect. In order to clarify this eflect some experiments 
were made in the Got t ingen Tow-pr e ssure tunnel with the 
same Bruhn double-throat Venturi tube (fig. l) , which was 
used in the preceding ,o:jcperim$,nts. This type of tunnel 

"makos it ppssibio/^to Lvary the pressure and thoroby tho 
density within wii do limits and consequently, to examine 

• tiie : viscosity of £.Qct Unfortunately, tho lack of auto- 
matic control of pressure and tomporaturo made it impos- 
sible to .mairitaiit "thb : derisltjr P constant in tho tost 
section.- . ..This:,: hawever^y did' not impair tho results be- 
cause -pressure' and temper afture were determined at differ- 
ent po.riods., It; merely' .h&'s a- slightly disturbing effect 
on. tl^O; .cloarneas: .'of - Jthe' 'representation whon tho direct 
tost .points, ar.o- con^icler o&.'- ' 

, -lul t ip! i'cati oh f act or E . - 'If p a is tho pressure, 
v a the speed, and P a the density in the test section 
of the wind tunnel (in •the outside space, respectively), 
and . pi , Vj/y and Pr represent 'the. corresponding quanti- 
ties in the test section -of the multi-throat Venturi, we 
have ' -- ; \ . 




♦"Eihflu'ss der Zahigkeit bei Geschwindigkeit smessungen 
mit Staudruckmultiplikatoren. : .(Bruhnsche Venturi-Doppel- 
duse.)" From Zeitschrift fur Flugtechnik und Motorluft- 
schiffahrt, June.15, 1931, pp. 321-323, published by E. 
Oldenbourg, Hunich and Berlin. 

**H. Peters* "Uber den Gultigkei t sbereich der Staudruck- 
me-ssung mi t Staudruckmultiplikat oren, 11 Zeitschrift fur 
Flugtechnik und Mot orluf tschif f ahrt , Feb. 28, 1929. 
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Factor Z is directly 'affected by the- shape and per- 
formance of the instrument. Moreover, an effect of the 

v d P 



Reynolds Number R = 



that is, of the viscosity 



(p,t) and the ratio — (a = velocity of sound) is 
n. a . 

to "be expected. The characteristic cross section of the 
double-throat Venturi is its narrowest section, hence it 
is quite natural to refer the Reynolds Number to this sec- 
tion. 



R 



_ v i 



•/'Hereby it is profitable to choose the dynamic 'viscos- 
ity p; conformably to the temperature in tho wind stream, 
i # e., : in outer space. Now it is soon that In this Venturi 
tube the factor K as function of R is independent of 



the ratio -g 



up to a point where the velocity of sound 
tho narrowest section, that is, v^ .= a, is reached. 
This independence becomes readily apparent in Figure 2, 
which renders the measured Z values as function of R. 



in 



in the narrowest soc- 
Pi, remains constant 
Consequently, tho 
spite of the rise in 



Upon attaining the velocity of sound 
tion, the passing mass, that is, v^ 
according to tho dynamics of gases. 
Reynolds Number no longer changes in 
speod v. 

But for practical purposes tho dependence of factor 
K on tho prossuro difference p a - Pi is of primary in- 
terest, and for that reason the dependence Z = f (p a - 
p.) must be reduced from Z = . f (R) and pressure p a 
and temperature t be introduced as parameter. Figure 3 
shows Z = f (p a - Pi) for various pressures p a (in kg/ 
m 2 ) and for temperatures t = - 40°, 0°, and + 40°C. 

The indicating instruments record for tho greater 

part a speed 



= / 2 p a Z Pi - Now if it be assumed 
v p g 

that the setting of these instruments be such as to indi- 
cate correctly the speed v 0 . at a stated pressure p 0 



and temperature t 



-^—^ _ - Q » * 

temperatures, entail corrections of the order of 



it would, at other pressures and 



T E, 



Z 
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T = absolute temperature. K 0 and E are to "be taken by 
oqual pressure difference p a - p^ and conformably to 

p 0 and t, and p and t, respectively. For example , /at 
8000 m, which is equivalent to a pressure p « 3000 kg/m 2 
and a temperature t « - 40°, the instrument indicates 
a speed 80$ too low, if at sea level it indicates correct- 
ly at p 0 . = 10,000 kg/m 2 and t 0 = 0°. But the Bruhn 
type tube does not enter into the question as navigation 
instrument; it meroly serves to check the flight position. 
Hence it would bo more appropriate to record the dynamic 
p a . ,P a - P4 

pressure q = — v = - rather than the spoed. If 

*■ 2 E 

the indicating instrument is likewise designed to yield a 
correct roeord of the dynamic pressure q 0 at pressure 
p 0 and temperature t 0> the correction to be effected 
for arbitrary pressuros and arbitrary temperatures, is of 
the ofcdcr of * 

• . . - '•: * *" 

Thus, Figure 4 affords, for illustration, ^- = * (<L 0 ) 

q 0 

for temperature t = 0 and various pressures p, where 
it was assumed that q 0 is correctly indicated at p 0 = 
10,000 kg/m 2 and t 0 = 0°. It will bo observed that 

-S- is unaffected by q 0 within the, limits of exact meas- 

<lo . 

urement and interpretation, so that 

*• , -L = f :( P ,t). . 

• q 

may be assumed. Figure 5 shows — = f (p) at tempera- 
tures . t = - 40°, 0°, and + 40° which, applied to the 
same example as above, means that the instrument records 
the dynamic pressure 15$ too low. 

Range of validity ,- In the previously published re- 
port it. was shown that the pressure difference p a - p^ 
remained practically constant even by further rise in 
speed as' soon as the velocity of sound in the narrowest 
section had been reached, thus making it impossible to de- 
termine the dynamic pressure from the prossure difforonce* 
The maximum dynamic prossure, still recorded, is computed 
at 

1 - X 



.4 
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where:,- ^; ■■ ^ ,; - 

■ the* critical pressure ratio. 

• :, ■ .-.Satisfactory agreement with these figures may be ex r 
,pected: when- the tdst section and the narrowest section 
coincide.'. But the test- section of the investigated dou- 
ble-throat Vonturi was slightly to the roar of the narrow- 
est section and already in the onlargod section. Tho re- 
sult, is a higher prossuro than in tho narrowest section if 
the , ; speed in the latter is "below sound velocity (diffuser 
effect); but upon reaching sound velocity, further expan- 
sion in the section enlargement is possible, and the pres- 
sure in ttiei test section may consequently become lower. 
However, this second expansion cannot continue indefinite- 
ly, because the pressure i.n* the exit soction of tho dif- 
fuser is always higher than- in the narrowest section. 
The result is a pressure shock in tho diffuser. This 
shock may be straight or oblique and may; according to tho 
dynamics of gases, travel from place to place, affected by 
the prossuro in the exit section of tho. .diffuser,. by the 
boundary layer and the slightest ..changes in diffuser shape 
and surface conditions. This makes the reproducibility of 
the pressure shock .on the same place very problematical 
even for the same nozzle. The pressure p^ in the test 
section now depends on the point at which the pressure 
shock occurs. Figure 6 shows the results of measuring 

P&J!Li!i - f (v a ) in the i^ange of critical pressure ratio 
a 

and , the computed value 1 - X = f (v a ) for the narrowest 
soction. According to this it seems as if the prossuro 
shock, with Prospect to density P,' or better, to the Rey- 
nolds Number roams over tho. tost section, as if at large 
Reynolds Numbers the shock occurred back of tho test soc- 
tion (hence, 0 > 1 - \) • and at small Reynolds 
v Pa 7 max 

Number in front of the test section directly aft of the 

/ - . > /Pa P'i\ n \ \ 

narrowest section- (hence, L — — r J ' < 1 - M« 

■■,-> ■■, .-;P.a , /max ... 

For practical' purposes the working range is limited 

to * ■'■ " 
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( Pa *" Pi j $ 1 - X » 0.45 to 0.42 

v Pa - 



max 



Figure 4 shows the limiting values for 1 - X = 0.45 and 
0,42. Writing 

*»ax = (1 " X) ^ ^ ' 
max K ft K 



(1 - X) may be expressed as function of p a (fig# 7), 

0 a K 

and from Figures 7 and 5, which donoto a = ^ == * (Pa) » 

the maximum dynamic pressure q max » still indicated by 
the multi-throat Venturi can be computed for different 
pressures and temperatures. 



Translation by J # Vanier, 
National Advisory Committee 
for Aeronautics. 
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Figs. 1,2,6 




[ Fig.l.Bruhn double- throat 
venturi . 
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Fig. 6 
Pressure 
difference 
with respect 
to the abso- 
lute pres- 
sure near 
the limit of 
validity- 
plotted 
against 
speed v . 
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Fig. 2, Multiplication factor K as function of the Reynolds 
Number for different air densities. 
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Figs. 3, 4, 5, 7 
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Fig. 3, Multiplication factor X as function of the pressure 
difference for different pressures and temperatures. 
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Fig. 4, Amount of correction Fig. 5, Amount of Fig. 7, Limits of 

in q/q 0 for correction range of 

different pressures. in q/q for dif- validity. 

ferent temperatures . 



